A two-stage chemostat was used to study removal of cadmium by microorganisms in continuous culture. The medium was contaminated with 0.8 mg of Cd per liter. At 20°C, most of the microbial biomass formed aggregates which settled in the second stage of the chemostat. Effluent was free of bacteria. Up to 80% of the metal contained in the inlet flux was removed by the biomass, with 20% remaining in solution. At 10°C and with a shorter retention time, flocculation was poorer and metal removal by settling biomass did not exceed 35%.
The effect of cadmium on freshwater bacterial communities grown in continuous culture has been previously reported (12, 15) . The presence of 0.5 mg of Cd per liter in the culture medium does not hinder bacterial development or biodegradation processes. Studies conducted with a treatment plant on a pilot scale lead to similar conclusion (2, 17) .
Microorganisms are able to concentrate heavy metals to a large extent (1, 3, 5, 9, 13) . Several authors consider microorganisms as natural "biosorbants" (7, 10, 16) .
The present study was conducted in continuous culture. To allow natural interactions between microorganisms, plurispecific microbial communities were used as inoculum (2) . The chemostat used for this purpose consisted of two parts (Fig. 1) .
The first stage was inoculated with water of the unpolluted Ourthe river collected near Liege (Belgium) and filtrated on an 8-p.m membrane filter (Millipore Corp.) (12) . The microbial community in this stage consisted chiefly of heterotrophic bacteria (Pseudomonas spp. and Flavobacterium spp.). Oxyferm tubes (Roche) were used to perform this identification. Bacterial cells either remained freely in suspension (they are therefore referred to as free bacteria) or formed a biofilm adhering to the internal wall of culture vessel.
The second stage was inoculated with activated sludge obtained from a municipal treatment plant at Tienen (Province Brabant, Belgium). The microbial community was mainly bacteria and ciliate protozoa (Opercularia spp. and Vorticella spp.). Bacteria formed aggregates and flocculation occurred.
The composition of the culture medium (in grams per liter) was as follows: Bacto-tryptone (Difco Laboratories), 1 Bacteria growing in the first stage of the chemostat presented no biotlocculation ability. Therefore, the turbidity of the effluent from the first stage remained high throughout the experiment. The turbidity of the effluent of the second stage decreased as the activated sludge developed (Fig. 2 ). An equilibrium seemed to be reached after day 5 and the values of the parameters reported in this paper were measured every 2 days after that time. At 20°C, good flocculation occurred in the second stage, and the biomass was almost entirely recovered by decantation of the effluent (Table 2) . Lowering the temperature to 10°C and reducing the retention time to 3 days instead of 7 considerably hindered the flocculation ability of the culture. The biomass remained chiefly in suspension. COD values reported in Table 2 were measured after decantation (at 20°C) or after centrifugation (at 10°C) of the effluent of the second stage according to the French legal procedure (AFNOR, T90-101). When good culture conditions were achieved, i.e., at 20°C and with sufficient retention time, COD reduction reached 90%, since the initial COD content of the culture medium was 700 mg of C per liter.
Concentrations of cadmium were measured every 2 days for 2 weeks in free bacteria growing in Cl and in aggregates formed in C2. Direct flame spectrophotometry was used after digestion of the material in a hot mixture of nitricperchloric (vol/vol) concentrated acid ( form, and 17 to 29% was being fixed by free bacteria. The biomass remaining in suspension flowed into the second stage of the chemostat, together with soluble metal. Additionally cadmium was removed by bacteria adhering to the walls of the first-stage vessel. The accumulation ability of that material is probably to a large extent controlled by the production of extracellular polymers, and therefore the thickness of the biofilm is an important factor. The biofilm is continuously formed and sloughed off. This might explain the large variations observed regarding that material (2 to 23% of the cadmium budget).
In the effluent of the second stage, the proportion of soluble cadmium was reduced to 10 to 33%. The distribution of particulate metal depended on the bioflocculation ability of the culture. At 10°C and 0 = 3 to 5 days, 45 to 60% of the cadmium was associated with the microorganisms remaining in suspension and only 18 to 26% was removed with aggregates. At 20°C and 0 = 6 to 7 days, all the particulate metal consisted of aggregates (42 to 62%). To check the accuracy of the budgets the sums S, for the first stage and S2 for the second (see Table 4 ) should be equal to 100%; deviations can be attributed to analytical errors.
The distribution of particulate metal is important regarding its fate since only aggregates can settle rapidly. Bioaccumulation is apt to occur in actual environment too (6, 11) . Aggregates settling to the bottom of the rivers probably participate in the local transfer of metal from water to sediments, whereas free bacteria are transported further downstream.
The results reported here also suggest the use of biological process in the case of actual industrial effluent (14) .
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